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BACKGROUND 

The invention relates to response particles, prefer- 
ably spheres, and their use as a diagnostic and contrast 

agent. ^ , 

in diagnostic medicine, contrast agents are today 

being used primarily in X-ray diagnostics -where an in- 
creased contrast effect is obtained during examination 
of. for example, internal organs, sueh as the kidneys, 
the urinary tract, the digestive tract, the vascular 
system of the heart (angiography), etc. This contrast 
effect is based upon the fact that the contrast agent 
itself is less permeable to X-rays than the surrounding 
tissue, as a result of which a different blackening of 
the x-ray plate is obtained. 

X-raying implies certain radiation hasards. but 
during angiography the complication risk is associated 
in particular with the use of contrast agents. 

In recent years, a number of new methods have been 
introduced in diagnostic radiology. One such method goes 
by the name NMR (Nuclear Magnetic Resonance) which pro- 
vides information not only about the distribution of the 
water content in a specific tissue (in contradistinction 
to radiology which merely gives a measure of the trans- 
missibility of the X-rays in a specific tissue), but 
also about the chemical tissue structure which is 
different in normal and pathological tissue. 

in the NMR method, a strong and homogeneous magnetic 
field is applied across the tissue to be examined. By 
studying the so-called relaxation times of the protons 
of the molecules present, especially the protons of the 
water, it is possible to produce, via comprehensive and 
complex computer calculations, a visual image of the 
structure of the tissue concerned. 

There is. however, an interest in being able to 
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make a differential diagnosis between pieces of tissue 
having a high density of blood vessels and, alternatively, 
tissue having a low density of vessels. Such a situation 
which has considerable clinical interest , comprises the 
5 localisation of tumours which. In their periphery, have 
a higher density of vessels as compared with normal 
tissue* 

One useful method in the context is to inject into 
the vascular system some type of particles responsive 
10 to a magnetic field and showing changes in the above* 
mentioned relaxation times. 

These magnetically responsive particles interfere 
with the above-mentioned homogeneous magnetic field in 
. that there is formed, around each individual particle, 
15 a field gradient which in its turn changes the relaxation 
times. 

Put more simply, this means that "black holes n are 
formed around each particle which may be visualised and 
thus give an impression of the vessel density in the 

20 tissue in question. 

In another diagnostic method, use may be made of 
the movability of magnetically responsive particles in 
a tissue. The basic principle of this method may be 
studied according to the following: If magnetically 

25 responsive particle are introduced into a magnetic field, 
the particles will align themselves in the direction of 
the field lines. If the field is removed or shut down, 
the magnetically responsive particles will change their 
position in response to processes in the tissue. The 

30 duration of this change may, however , vary between differ- 
ent tissues and also in dependence upon the localisation 
of the particles within the tissue in question. This 
variability of the response of the magnetic material may 
be utilised diagnostically. If magnetically responsive 

35 particles are administered to a patient, the distribution 
of the particles in different organs can be determined 
by means of a sensitive magnetometer capable of detecting 
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the above-mentioned changes (Nature (1983) 302, 336), 

Ultrasonics is another visualisation technique in 
which sound-waves are reflected dif ferently against 
different types of tissue , depending upon the acoustic 
5 impedance of these tissues. Also in this respect , there 
is an interest in being able to use some type of contrast 
agent in order to obtain an amplification of specific 
organs. Particles of different types have here been 
=shown to provide changed echo effects and a changed 
10 resolution associated therewith (J. Acoust . Soc . Am. (1983) 
74, 1006). 

It is also possible to use magnetically responsive 
particles having a Curie point of about 42°C for use at 
hyperthermia. In this instance, the magnetically respon- 

15 sive -particles are retained during the treatment of the 
- hyperthermia by a magnetic field, but the moment the 
tissue temperature exceeds the Curie point, the particles 
disappear from the tissue because the magnetic respon- 
siveness disappears at this temperature. 

20 By labelling the particles with some gamma-radiating 

nuclide (for example technetium-99m) it is possible to 
localise the particles by means of a gamma camera and 
thereby also to combine the examination with some of the 
other techniques referred to above. 

25 When using particles within any of the above- 

mentioned ranges, it is desired, in order to achieve 
optimal conditions, to be able to vary the amount of 
magnetically or otherwise responsive material, without 
affecting on that account the pharmacodynamic and cir- 

30 culatory characteristics of the particles. To be able 
to do this, one must use a technique which implies en- 
closing the responsive material in a matrix, preferably 
a matrix of spherical shape, and the matrix should per 
se satisfy the following criteria: 

35 - biocompatible 

- biologically degradable j 

- non immunogenic . 
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A matrix of this type normally is built up of some 
type of polymers which axe held together by chemical 
bonds. Different types of polymers are available for 
making such matrices. However , the selection of polymers 
5 will be very limited if the above-mentioned criteria of 
the matrix are to be fulfilled. 

One type of polymers that has proved useful in 
these contexts are the carbohydrates , especially those 
who are included in the body as a natural constituent* 
10 Endogenous carbohydrates are represented by starch 

and glycogen* but also dextran may be included in this 
group because of its prolonged use as a blood stibstituent 
in medical service * 

The production of a carbohydrate matrix satisfying 
15 these criteria is described in PCT/SB82/Q0381 , PCT/SE83/ 
00106 and PCT/SE83/00268 . 

Another type of polymers that have proved to satisfy 
the said criteria are polyamino acids* such as proteins 
of the type albumin. The production of polyamino acid 
20 matrices is disclosed in OS-PS 4,247,406. 

Further types of polymers are represented by syn- 
thetic polymers , such as acrylates, polystyrene etc. 
The production of matrices from synthetic polymers is 
well documented in literature. 
25 It is in this connection extremely advantageous if 

covalent cross-linking of the polymers can be avoided in 
the production of a useful matrix. For example, covalently 
cross-linked carbohydrate matrices have been found to 
produce transformed cells* in the form of granuloma , 
30 when used on humans (Am* Surg* (19S5) 142, 1045). 

When using covalently cross-linked proteins, there 
is a risk of immunological reactions because the resulting 
derivatised protein is not recognised by the body's immun- 
ity system as a protein belonging to the body. There are, 
35 however , for specific systems no alternatives to the co- 
valent cross-linking, especially when using synthetic 
polymers or combinations of different polymers and cross- 
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linking agents in order to obtain a useful system. As an 
example, it is possible to cross-link acrylic polymers 
with starch and, alternatively, to cross-link starch with 
aery 1 ate s . 

5 Another useful possibility which is described in 

literature is the production of larger particles from 
smaller particles* For example, it is possible to 
produce, from 0.5 um particles, conglomerates of larger 
particles, for example in the range of about 10 um. 

X0 Another factor of importance to the injection of 

spheres into the vascular system is that the spheres 
have a size that prevents them from getting stuck in the 
capillary system of different tissues during the first 
passage. To prevent this, the particle must have a 

15 diameter below 1 um ( Chem.Pharm.Bull . (1975) 23, 1452) 
and a surface structure of hydrophiiic character. 

When particles are injected into the vascular 
system, all particles will have collected after a given 
period of time in the liver or spleen <the RES system) 

20 because the normal function of these organs is to purify 
the blood of foreign particles. At present, there is only 
one method described which is capable of collecting par- 
ticles to -organs other than those mentioned above, and 
this is by utilising magnetically responsive particles 

25 or spheres. 

This ia of particular interest in the context of 
this invention because spheres containing magnetically 
responsive substances can be used and be made to stop 
in different tissues by means of the outer magnetic field. 

30 When the magnetically responsive particles then are stuck 
in the desired tissue, the tissue in question can simply 
be visualised by means of the NMR method or some of the 
other techniques referred to above. 

DESCRIPTION OF THE INVENTION 
35 The invention relates to responsive particles, 

preferably spheres, and their use as a diagnostic and 
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contrast agent. The invention shows that it is possible 
to utilise spheres as contrast agents, the responsive 
material being enclosed within a matrix. The reaponsive 
material may consist of , for example, magnetite particles 
5 enclosed in the form of discrete particles of varying 
size f or in the form of complexed ions. 

One conceivable matrix for use in the context of 
this invention consists of carbohydrates that have been 
stabilised by crystallization, which means that the type 
10 of chemical bonds holding the polymeric network together 
is not co va lent in character, mainly hydrogen bonds, 
van der Waal a forces or, in some cases, ion bonds. 

As carbohydrate, use may be made of all conceivable 
variants, including carbohydrates of varying molecular 

15 weight and/or substituted or otherwise derivatlsed carbo- 
hydrates. For example, it may be mentioned that it is 
possible to produce and use magnetically responsive 
carbohydrate particles in which the carbohydrate is of 
starch origin and low-molecular of the type glucose, 

20 maltose, dextrins etc., and successively increasing 

molecular weight up to native potato starch having a % 
molecular weight of several millions. The same molecular 
weight range is applicable to other carbohydrate groups, 
such as dextran or glycogen. 

25 Another matrix for use in the complex of this 

invention may consist of polyamino acids, such as the 
protein albumin in which the matrix is stabilised by heat- 
ing and the cohering forces are not covalent in character, 
of the type hydrophobic interactions, hydrogen bonds, 

30 van der Waal s forces or ion bonds. In a manner similar 
to what has been stated above, it is also possible to 
use synthetic polymers or combinations as matrix. 

The following Example should not be regarded as 
restrictive and merely serves to illustrate the main 

35 features of the invention. 
EXAMPLE 

Dextran spheres having a size of about 1 iim with 
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enclosed magnetite particles (size 10-20 run) were 
suspended in human serum. The relaxation times of the 
solution were measured with an NMR apparatus (Praxis II $ 
Al nor Instrument AB# Nykoping) and compared with the 
5 relaxation times for the same serum without magnetically 
responsive dextran spheres* The following values of Tl 
and T2, -respectively, were obtained. 

Tl (ms) T2 (ms) 



Serum without particles: 1660 400 

10 Serum with particles* cone.: 0.05 mg/ml 1342 109 

0.1 mg/ml 1306 82.2 

0.2 mg/ml 1147 52.6 

0.5 mg/ml 968 30.7 

1.0 mg/ml 813 24.0 

15 2.0 mg/ml 688 19.9 

4.0 mg/ml 691 22.9 
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CLAXMS 

1 . A sphere or particle for use in diagnostics 
or as a contrast agent , characterised in 
that it consists of a matrix and a diagnostic and/or 
contrast agent enclosed within, said matrix. 
5 2. A sphere or particle as claimed in claim 1, 

characterised in that the diagnostic or 
contrast agent is magnetically responsive. 

3. A sphere or particle as claimed in claim 1, 
characterised in that the diagnostic or 

10 contrast agent is X-ray impermeable. 

4. A sphere or particle as claimed in claim 1, 
characterised in that the diagnostic or 
contrast agent reflects sound waves. 

5. A sphere or particle as claimed in claim 1, 
15 characterised in that the contrast agent 

is a radioactive nuclide. 

6. A sphere or particle as claimed in one or more of 
claims 1-5 , characterised in that the matrix 
has been stabilised by means of non-covalent bonds. 

20 7* A sphere or particle as claimed in one or more of 

claims 1*6, characterised in that the matrix 

material consists of carbohydrates and their derivatives r 

poly ami no acids or synthetic polymers • 

8. A sphere or particle as claimed in claim 7, 
25 characterised in that the matrix, when it is 

a synthetic polymer, has been stabilised by means of 

covalent bonds. 

9* A sphere or particle as claimed in one or more of 

claims 1-8, characterised in that its dia- 
30 meter is in the range of 0.01*1000 iam, preferably below 

1 pm. 

10. A sphere or particle as claimed in one or more 
of claims 1*9,. characterised in that the 
particle per se has been built up of conglomerates of 
35 smaller particles or spheres. 
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